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Abstract This paper proposes a cache management scheme for effective processing of continuous
partial match queries in mobile computing environments. The continuous partial matclfquery is a
partial match query whose result continues to exist consistently in the client’s memory. Conventional
cache management methods for mobile environments are record ID~based ones. However, since the
partial match query is a content-based retrieval, the record ID~based approach does not manage the
cache efficiently. In our proposed scheme, we represent the cache state of a mobile client as a
predicate, and construct the cache invalidation reports (which the server broadcasts to clients for
cache management) with predicates. Using the predicate representation, we also propose a set of cache
management methods: the brute—force method, the subtraction method, and the intersection method.

And, we analyze the computational complexity of the proposed methods.
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FOREVER DO
EXECUTE ¢;

Return its result to user;
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?ROCEDURE Cache_Management( )

while (true) {

go to the root node of the P-CIR (i.e., predicate-lattice);

node = read_a_node( );
TimeStamp_Check(node);
y } /* go to the next P-CIR =/

// Notation:

TS_cache: the timestamp of cached predicate
// TS_node: the timestamp of the node currently read from the P-CIR

?ROCEDURE TimeStamp_Check(node)
f (TS_cache < TS_node) {

/> follow the node’s edges to find the cache predicate */
for each relevant child node node_C
do TimeStamp_Check(nede_C);

} else {

/* the cached data covered by this node is valid; do nothing */

break ;
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// Notation:

//  cache_predicate: the predicate describing client’s cache,
//  valid_predicate: the valid predicate in the P-CIR,
//  remainder_predicate_set. the set of rémainder predicates

PROCEDURE Remainder_Generation_with_Brute_Force (cache_predicate)

{

remainder_predicate_set = { }, // initially an empty set
generate all possible binary predicates of cache_predicate;
for each binary predicate P (in the above) do {
if ( P is not included by any valid_predicate in the P-CIR) {
add P into remainder_predicate_set ;

} else { break; // do nothing }

aE 5 oA e ol uHA Zd T A4 43y

N



& FoA 101 HIEL-S

JQU% 111'e o9 {5

ok wEA, o] FERe|dEY} AA ST
AAHT Gelol ) delg Amee 2
‘1017 BiFslE dHelel XL e A
H7h 7FA 3 Wgo] dAsite Je 4 F Yo
W, 11U¢] sigste woletvt AMZRE AEA o}
Sfop gt o] A4, ‘111°¢] yHx Zg)zle] Ak &
2o AET} 7H’\]°PJ~ zZHYRY] BE
HEZE A4t A Zggzls 7
‘%] W H(brute—force method) o]2}al
1 74]4 ERAEE A ZHRle] 744
2 543, P-CIRZ A E
AL 7H-r~ vpet & o, Ofup
g fFE =y
T & =g
o o g}

HIE
A

_}:I 82 2

cEO
| Z=EL

Q)=
AR

Q1=
PAT

T:IE7]

l“l° %

i
{

P r\:I

o > Jo re

Fajthe 9

o} Aeo] 1

HolElE Fofl A

EOlE‘r % FE
| WEsidt= o
4.2 W] A Hiwy
A7 e A

n U
o 3
{o p
fu
=
et
i
rr
i
A

r]r

he subtractlon method)

ol = AA ZPdRY v 22
Mol mey A5 F7hsbr] W], dAA
ARg-o] o]t} w7 e A ZHYAS fE
ZH el W) A4 (subtraction)S &3] A =g
OZe FE Wgolth JHE siA] T Y Fle] 1x1o]H,
P-CIRY #&E =g tjzle] 11019, yYA] T ezl

J}m i3
E o

l:l

Agoz
A4

o
s

TeUolA 1112 W l0re] Bk vwA ZE g
271 A% W7) e UelR =Tz = A Za
A - HE =AU FH= Asem, e 2ol

Heldch 29 65 w
=ZHoAEs A

Aol 6. wr
operation) 2.2, ‘Ymz =ZF ]
ZHTZY A 7 HEER
A Zyozlie] HE %kol
zgtjzle] A8 A7t &
F ge B2V & ol JEhE B Ao vmA
ZY AL gojokgict § HEMT ‘BiEe A

71

QR P skl LA

b AtelE, B ZHTR Yed gong,
0 EE TE B A1EH9 gE ge gtk 84 )
o ueA ZaATe o7 PElAs go] BE o)7

o A g AT A e P 261
HEES 78t Astaict
A ZHHR | frE ZTZe | YmA] gzl
HE g HE 3% HE @
1 * 1
0 0
*
1 1 1
0 1 0
1 0 BE B
1 0 1
0 0 0
0 1 EE B
AA 3. w7l JAE ol8F YA =ZedZle] 4y
A& duEA
AA Ze vzl | fE ZHgal | UeR =g
11x1 1111 1101
11x1 11%% (A
Lo 1%10 100, 1#01, 1#11
11 10 Lls
3 AA olE A ZHYR 1100 7= Hol
B Folld gBel ‘1110] FES] W R, $E Zd
tzle] veihe FEg A9 A 1101e] v
7 zgle] gok &4 dE siA ZguiRe] sy
T EE HolE da=ge] & zdosld EdFHE
WEel7l Wel - &, ZTolAE A9 WEo] A
% dAstzz) A4 el Baglys AfoltHad 6
o daEFA A if 24). A ®A B, AA Zdd
Zo] yElle da= Fol4 fE ZHozlez 4@
ol Eelg FEE AT vheA] BERE0] By =
dHzes 7ed gl 492A, o8 79 =Y
oz Zlgdr WA v FE zZYvzlen A4
zZHHAe] g HAL A Este Aol w
A, Aalsta gl wlolEke] €84 FAE S AA
=Zgzle] ymA = tizle] Hof MudA AgH=
& Fokdt ‘ ||
HﬂHﬂ At e At BREE A4 ZdAYAS f
E =dozley 74 HE 229 w2 239 &5 A
o] yuA =ZHozle] AHA et A =
ol Aed frE ZAYZ e s FoE A HF
=7t ZRHAT B¢ ZH U] BAstE A+ A
Al Zgvzle] Yehd £ g RE oF HE €& A
Ashe A EREE P & "ok &, f8 =y



262 ARIAEHE=EA  Holgwo)2 A 28 d A 2 F(200L6)
// Notation:
//  cache_predicate: the predicate describing client’s cache,
// vdlid_predicate: the valid predicate in the P-CIR,
// remainder_predicate: the remainder predicate
PROCEDURE Remainder_Generation_with_Subtraction {(cache_predicate)
{
remainder_predicate = cache_predicate;
for each valid_predicate in P-CIR do { -
if ( remainder_predicate is not included by valid_predicate ) {
remainder_predicate = remainder_predicate — valid_predicate ;
// remainder_predicate®] Z M7 @ A%,
// Z¥7+e) remainder_predicatec] ®dle] =5 w7 Ao
} else { break; // do nothing }
}
}
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// Notation:
//  cache_predicate. the predicate describing client’s cache,
// invalid_predicate. the invalid predicate (ie., [~bit cover predicates),
//  remainder_predicate_set: the set of remainder predicates
PROCEDURE Remainder_Generation_with_Intersection (cache_predicate)
{
// §-& predicateS ©]-43F wF A4t A
remainder_predicate_set = { }; // initially empty set
for each invalid_predicate in P-CIR do {
remainder_predicate = cache_predicate 1 invalid_predicate;
add remainder_predicate into remainder_predicate_set;
}
/O HE ol HE 4E o83 UM YR BA @A
for each valid_binary_bit_stream in P-CIR do {
refine the remainder_predicate_set;
}
}
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